Abstract-Serious game is an alternative teaching aid that is getting a place of use by teachers and parents. Its widespread use has basically changed the way of life and learning of children and has a positive impact on achievement and increased the motivation of children in learning. However, not all serious game designs are suitable for slow-reading students. They are slightly different from other students in terms of cognitive potential and are struggling to meet academic demands in the class. Therefore, the main objective of this study is to produce low-fidelity prototypes involving target users as early as the design process. This study focuses on the production of storyboard contents suitable for slow-reading students to save time and cost of game model development. This study uses a child-centered design (CCD) method that involves paper prototypes, chauffeured prototype, think aloud protocols and observations. The results of this study are low-fidelity prototypes in the form of computerized storyboards that have been verified and will be used for heuristic assessments. These low-fidelity prototypes are expected to give an early look and help researchers in developing high-fidelity prototypes.
I. INTRODUCTION
Serious game has grown rapidly over the last decade into becoming a popular and successful new technology in the 21st century. According to [1] and [2] , serious game is built with a specific purpose besides just entertainment. The word "serious" can be referred to as the role of the game in delivering inputs either in the form of education or training to players. Study [3] has shown the growing interest of the public in serious game review. The increasing number of research papers on serious games published in various fields from the late 1990s to 2013 showed a positive impact. Serious games have been used in various areas such as health, education, training, culture, defense and society [1] .
Designs of a serious game vary according to target users. So, in designing a gameplay, it is very important to understand the needs of users [1] . Designing a serious game for children is a challenge as they are different from adults. Children see things from a different view [4] . According to [5] , children should be involved in the design process because their expectations and meaningfulness of the product may not be the same as the designer's assumption since the worlds of children and adults are different. Hence, this study uses the childcentered design (CCD) method proposed by [6] . This method is a repetitive process and is the same as user-centered design (UCD), with the difference being that the end users of this study are children [6] .
However, most serious games on the market are designed for children with normal learning abilities. Only a limited number of software is designed to meet the needs of students with learning problems [7] . According to [8] , the design principles for developing child technology are different from adults because the desire, the readiness and the needs of these people differ. The focus of this study is on children who are left behind in reading literacy. Reading skills are the basic skills that everyone must master because without reading skills, children will not be able to face challenges in their lives. According to [9] , students with poor reading literacy, better known as slow-reading students (SRS), are those who fail in examinations and must follow the remedial classes provided by the school.
Humans are generally never aware of the complicated process of language in the brain. Teachers need to step up their role and innovate to make teaching and learning (T&L) more fun and meaningful, especially for SRS [9] . Brain-based learning (BBL) approach in a serious game is an innovation that is proposed in this model. BBL is not a new approach; in fact, it has been used daily by teachers during T&L. According to [10] , BBL focuses on the overall brain function which can have a positive impact on student achievement. Individual selfpotential can be enhanced when the function of the brain is optimally utilized with the help of teachers and teaching aids in a way they are most comfortable. According to [11] , using game techniques is an approach that is well-liked by the students as games become a routine in which they play not only in the classroom, but also in their free time.
II. BACKGROUND STUDY
This section discusses backgrounds study related to the approach applied in this game model, which is brain-based learning (BBL), the technology used to help slow-reading students (SRS) which is serious game and low-fidelity prototypes covering paper prototypes, chauffeured prototype, think aloud protocols and observations.
A. Brain-Based Learning (BBL)
The approach or strategy used in game designs should be taken into account in designing the game model. Theoretical approaches and brain-based learning (BBL) strategies are applied in serious games. In the context of this study the BBL is defined as a technique that values the optimal function of the brain compared to the usual teaching method [12] . Optimal www.ijacsa.thesai.org learning state integrating relaxed alertness, orchestrated immersion and active processing instructional techniques is the main feature of this approach [13] . BBL are seen as a technique that encourages the best way of learning and encouraging teachers to use this information when planning a teaching strategy to stimulate student motivation more effectively and to improve learning [13] [14] .
Brain is the most important organ in supporting daily life. This BBL is based on the theory that learning is occur as long as human brain is not prevented from undergoing routine processes as opposed to traditional teaching. [12] [15] . According to [16] , BBL can be seen as a technique used to improve teaching and learning (T&L) through the ability to learn to use the most comfortable ways they can. For the purposes of this study, students are required to i) be actively involved in all the seven brain compatible instructional phases listed below, [17] , ii) have fun learning (serious games) and iii) Learn in their context and in related to existing knowledge. Seven brain compatible instructional phases are:
1) Activation:
To stimulate the learning of a new concept, the existing knowledge of the student is activated. This is because prior knowledge always influences the teaching process by helping students to get rid of irrelevant things. Thus, the content developed should include the prior knowledge of SRS by involving their syllabus. This phase is where we activate student"s memory processor system (prior knowledge) in order to stimulate their learning transfer process.
2) Clarify the outcomes that need to be achieved and the learning process involved: Teaching objectives as well as a comprehensive overview of new knowledge that students will learn will be shown. In this game model, players are introduced with learning objectives before players start a game session. This is to give an overview of the ideas taught to help students develop the desired understanding where students affirm for themselves their personal performance target, activate the right brain processor prior to the left brain, and alleviate anxieties over the accessibility and relevance of the material.
3) Making connection: Making connection and develop meaning is the stage where the topic or unit of work about to be completed is connected to what has been done before with what is yet to come. It builds on what the learners already know and understand. This process stimulates the student brain to make connections between newly learned and existing ideas. These three phases of teaching activities are thought to be able to create "Relaxed alertness" among students.
4) Carry out learning activities:
This activity requires a thorough involvement by each student. Doing the learning activity is the stage for digesting, thinking about, reflecting on and making sense of experience utilizing visualization, auditory, kinesthetic in multiple contexts as well as to access all of the multiple intelligences. Here, students were encouraged to be in the state of "Orchestrated immersion", which immerses them in multisensory experiences.
5) Demonstrating
student's understanding: Understanding demonstration activities provide opportunities for students to use their new knowledge or skills in new situations. This process gives students time to feel comfortable with the newly acquired concept and indirectly reinforces their conceptual understanding. This is the stage for brain-active processing. Through this game, it allows students to consolidate and internalize information effectively when they are actively engaged with the knowledge itself. Students can test their understanding and driving the transfer of information into the long-term memory of the students.
6) Review for students' retention: Evaluation and closing activities provide students with an opportunity to assess their understanding and stimulates working memory to summarize the lesson, which helps to strengthen the transfer process.
7) Preview the next topic:
This activity is the experience that helps the brain pre-processor and the reptilian brain to focus on the new lesson and help improve the effectiveness of the learning process. This is important to prepare the brain for the new learning activities.
B. Serious Game and Slow-Reading Students
A serious game by definition [3] is an application with three main components: experience, entertainment and multimedia where serious game has a role to convey messages and inputs, knowledge, skills or general content to players. According to [18] , serious game is designed interactively and has an educational goal of entertaining and creating an active learning environment available on any digital platform such as computers and smartphones. Its use is increasingly in various fields including in education. According to [19] , a serious game is becoming increasingly popular not only as a game but as a convincing educational tool.
This study focuses on slow-reading students (SRS) where they are normal students but struggling to meet academic demands. They are slightly different from other students in terms of cognitive potential [9] , understanding, thinking and they are not categorized as special needs students. According to [20] , this computer-based learning technique can help slow learners learn to understand more easily in learning because of the use of multimedia elements and the ability to convey the same information but in different forms like sound, text, and images.
Serious game used because of the game potential that can have a positive impact on SRS. This SRS wants something fun while learning and at the same time lets them play [21] . This affects the emotions of the players, when they have fun in learning, memory space can be improved [22] [23] [24] . Past studies show that this serious game is capable of making learning more effective [25] [26] [27] and improving performance in learning [26] [28] [29] [30] [31] . While from the aspect of student psychology, serious games can increase motivation and students give more respond [25] , [27] , [29] 
C. Low-Fidelity Prototype
In [36] , author states that a prototype resembling an application developed on a real device is known as fidelity. The prototype used to rate applications can be simple as sketches on paper as well as complex fully interactive models on developed application devices. In [37] , author refers prototype as low-fidelity and high-fidelity.
In [37] , author states that normally a low-fidelity prototypes are made with paper, glue, cardboard and pen. Low-fidelity prototypes are very useful in the early stages of the design process for gathering needs and analysis. This prototype is useful in providing alternative design that can be produced quickly and valued [36] [38] . This prototype can also avoid misconceptions of communication between stakeholders in the early stages. Low-fidelity prototype is easy to recover and can sometimes be changed during the evaluation phase [36] .
The purpose of this study is to get feedback in terms of the content and basic features of the software suitable for SRS. For paper-based sketches, storyboards have been created. This storyboard is then computerized using software like Photoshop and Microsoft Power Point. However, to understand the user's expectations and impressions, the chauffeured prototype, think aloud protocol and observation were used to get the feedback and improved storyboard.
III. RESEARCH METHODOLOGY
Users are involved as early in the game design process. Triangulation methods containing three research methods are used. Paper prototypes for producing storyboards are used and chauffeured prototype and think Aloud protocols (TAP) are carried out with observation. All tests are conducted at a school that runs the LINUS and remedial program. The results of the analysis are analyzed to produce storyboards that have been verified by users. This storyboard is used as a guide by researchers to conduct heuristic assessments before developing a high fidelity prototype.
The purpose of this study is to produce low-fidelity prototypes for serious games that have been verified. The researcher gets an approval by the school management first because it involves teachers and students as respondents. The study was conducted for two days. The first day involves only teachers who run paper prototypes while the second day involves teachers and students who run the chauffeured prototype, TAP and observation. The methodology of this study was developed as shown in Fig. 1 .
The study participants consisted of teachers and slowreading students (SRS) from a school running the LINUS and remedial program. Table I shows the number of teachers and students involved in low-fidelity prototypes. On the first day the prototyping test was carried out involved five teachers as respondents. The second day involved five respondents consisting of 3 teachers and 2 SRS.
This study involves three phase:
A. Phase 1: Design the Storyboard
Paper Prototype; According to [39] , one of the fastest prototyping methods is to use paper. This prototype is cheap and fast designed to illustrate models, ideas or features. This prototype is used in the early phase of the design because users can view the product description without having to use the code. Changes can also be made quickly and the results will continue to be seen. Three processes are involved in paper prototype.
The first process, the researchers sketches the storyboard using pen and paper. The initial sketch idea is obtained from literature studies and preliminary studies conducted earlier. The initial sketch proposed by the researcher is shown to the teacher. Five teachers were involved in this test and they briefed on the purpose of this test is to produce storyboards. Teachers then sketch their ideas on storyboards.
The second processes, all the sketches from teachers are collected and the assessments are done by researcher. The researcher justified the storyboard by teachers and decides which one to use after the discussion. The third process, the purification of the design in which the researcher improves the storyboard as required by the teacher. This process repeats until the teacher is satisfied with storyboard. In this study, two repetitions of paper prototypes were repeated by each teacher to get storyboard version 1.
B. Phase 2: Test and Improve Storyboards
Results from phase 1, which are storyboards, have been computerized using computer software Power Point and Photoshop with several functions that can be used. In this phase, chauffeured prototype, TAP and Observations are used to test and improve the storyboards.
1) Chauffeured prototype:
According to [40] , the chauffeured prototype is similar to the Wizard of Oz technique. The advantages of the chauffeured prototype are not all parts need to be together but interactivity can still be tested. Researchers directly can create the parts in storyboard based on user requirements. [39] the main difference between both techniques is for the chauffeured test, the user knows that the tested system is not a real and incomplete system. Users are aware of the existence of chauffeured where researchers or people who are aware of the prototype play a role as a driver or chauffeured. If a user tries a function that does not exist, chauffeured can add the function by drawing a new part directly in the prototype.
2) Think Aloud Protocol (TAP):
Simultaneously with the chauffeured prototype, the Think Aloud protocol (TAP) technique is used. Basically, TAP is a technique that requires users to express their thoughts when doing tasks or solving problems. According to [41] , in TAP users are encouraged to tell their experiences, their thoughts, actions, and feelings when interacting with the interface. According to [42] , TAP is a voluntary activity where respondents are required to speak what they feel loudly. However, SRS is not involved with TAP, only the teachers do. According to [43] , in conducting tests with children, the assessor should use variations in the TAP as it is difficult for the child to follow the instructions for the TAP standard test. Teachers are required to express what they feel while testing the storyboard. In this study, researchers use the concurrent think aloud technique where players are required to state what they think when viewing storyboards. The objective is to identify usability issues and propose solutions to the issues raised.
3) Observation: In [44] , author states qualitative methods for data collection such as interviews, observations and document analysis known as "Ethnographic Methods". Observation is performed when the user is running the chauffeured prototype and the TAP using the computer. This observation is done to see users reaction when interact with the storyboard and to record the player's sense of storyboard. Observations are performed with the help of visual recording. Observation data is recorded in the field note during the test session.
C. Collection of Data
The results of the triangulation test were collected and analysed. The results then are used to improve storyboards to produce storyboard version 2. This new version will be used for heuristic assessment tests.
IV. RESULTS AND DISCUSSION
The final result of the test is a validated computer storyboard. This storyboard is then used in conducting heuristic evaluation to see the suitability of the game interface. Table II below shows a summary of the results obtained from tests carried out.
In this study, researchers engaged users from the early phase of prototype design development to obtain immediate feedbacks before moving on to the next phase. Researchers and respondents are more focused on the development of game content. For paper prototypes, researchers and respondents started from scratch using pens and papers. The process is repeated twice for paper prototypes to produce a storyboard version 1. After researchers converted the sketches into computerized storyboards, the chauffeured prototype involved three teachers and two SRS executives to observe user interactions using storyboards.
Respondents 1 and 3 asked what happens if the player draws the right or wrong answer. Driver informed that an audio sound is implemented for correct and incorrect answers. Respondent 2 asked whether the pictures were given in order or at random to which the driver revealed that the pictures are given in order. Respondents 1 and 2 also asked what happens if the player clicks the image. The driver notified that the picture has an audio description. For example, if the player pressed the image of a ball, the audio "Ball" will be on. For both SRS respondents 4 and 5, they are only interested in pressing the buttons and menu that has functions, for instance, the "Next" and "Back" buttons. Respondent 4 went directly to the "drag and drop" menu while Respondent 5 looked from the beginning of the storyboard before moving to the game menu. By showing a storyboard, both SRS respondents clicked the picture and repeated the driver"s voice to say alphabet 'a', 'b', and so "e".
When respondents (teachers) conducted the chauffeured prototype, they also applied the think aloud protocol (TAP) where respondents expressed what they felt when they used the prototype. The researcher also conducted an observation with the aid of a visual recording of the respondents while carrying out the TA. In this technique, observations are performed and responses from respondents are recorded in the field note as well as with audio and visual help. Respondents 1 and 3 agreed that colourful contents can attract the attention of SRS to play longer. This is important because SRS have limited hearing and vision, a short focus and can quickly feel bored to a static thing [45] . Both respondents also stated that Times New Roman font did not correspond to SRS and suggested researchers review the appropriate font for SRS. Respondent 2 (Teacher) stated that this software is suitable for SRS. All www.ijacsa.thesai.org respondents agreed that the software and modules are easy to use, understandable, enjoyable, interesting and can be played anywhere and anytime, even at home with adult supervision. Respondent 2 (Teacher) also stated that the content of the game is the same as that used in the classroom, but the innovation of this computer game is able to attract students because it is something new. Respondents 1, 2 and 3 hope that this software can help SRS, improve their literacy skills and increase their passion in learning.
Through observation, Respondents 1, 2, and 4 have had no problem in using their computers and equipment but Respondents 3 and 5 had a little difficulty. Respondent 3 is a senior teacher who is not very skilled at using computer but had no further problem when assisted by the researcher. While Respondent 5 is an SRS who has never used computers but faced no further problems as she is used to playing games using smartphones. All teacher respondents (1, 2, and 3) concentrated on the content of the game so that it will suit SRS. For SRS respondents (4 and 5), they did not know which button to click because of their weakness in reading the instructions. So, SRS just clicked the buttons and pictures that were appealing to them. After the teacher explained to SRS, they understood what they need to do. For SRS respondents, they did not find using a computer and mouse difficult although, at first, they were a bit clumsy. All the respondents were also interested in seeing colourful storyboards with sound effects.
The researcher also explained that BBL strategy is applied in this serious game to the teacher respondents (1, 2 and 3) because the strategy has been used in their daily T&L in reality. They are seven brain-compatible teaching phases [17] that have been adopted in designing the BBL strategies in this game. This game is used by the remedial students who have basic reading skills. When a new concept is taught, students can link it to prior knowledge and thus, existing knowledge is activated. In [46] , author stated that the BBL approach emphasizes the relevance of new and existing information to students to make them more prepared in T&L. Through games, information is obtained in various forms such as visual, audio and kinesthetic to give students the opportunity to link the information obtained to create profound meaning. This BBL approach is able to increase the understanding and achievement of students in learning [13] , [17] , [46] . For each game, the students are briefly explained about the activity objective to give an overview or idea about the activity. After the T&L session, a teacher repeats the topic taught previously and describes the new topic to be learned. This allows the brain to prepare for future lessons which can help improve the effectiveness of the learning process. After getting feedback and making improvements to produce storyboard version 2, researchers will use this new version to make heuristic evaluation of the game interface. In [47] , author state that heuristic inspection methods are a method of engineering usability to identify the usability problems of a user interface design so that software can be improved in a recurring development process. These assessment results are used to make changes to the software before developing high-fidelity prototypes.
There may be some possible limitations in this study. This study is focused on SRS but one of the method uses not involved them as it is difficult for the SRS to follow the instructions without teachers help. SRS can only be involved with qualitative data collection because of their lack of understanding in written instructions if quantitative studies are carried out. The study was aimed at developing a low-fidelity prototype of computerized storyboards. This storyboard is used for further development of the heuristic evaluation of the interface and subsequently the development of high-fidelity prototypes. In this study, users are involved from the initial phase of storyboard making from scratch. They contributed ideas about the content that are relevant to the target audience. Researchers also explained briefly about BBL strategies that are indirectly but commonly used by teachers in T&L daily as well as to get teachers" response about BBL. Not only is the game element important when designing a serious game but the strategy or approach used is also important. The game applies seven phases of the brain-compatible teaching [17] as well as strategy [48] . In conclusion, this low-fidelity prototype is expected to be an early reference for the development of a high-fidelity prototype for slow-reading students.
